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ErIDEMIOLOGY

Salmonellosis, a major cause of diarrheal illness in the
United States, causes an estimited 14 million illnesses and
600 deaths annually. There are 2,449 known Salmonella
serotypes of which approximately 200 are detected in the
United States in any given year.' Between 1987 and 1997,
the rate of reported Salmonella infections (average of 40,169
reports per year) decreased from19 to 13 per 100,000 per-
sons. However, while some serotypes are reported to have
decreased in frequency, serotypes associated with reptiles
are showing an increase in frequency. The serotypes with
the greatest average annual increase in the number of iso-
lates reported from 1987 to 1997 are Salmonella Stanley,
and Salmonella Marina; both serotypes are reptile-associ-
ated. Of the top 20 increasing Salmonella serotypes, seven,
or 35%, are common to reptile-associated Salmonella sero-
* types (Stanley, Marina, Flint, Kintambo; Wassenar, Ealing,
‘Carrau, and Abaetuba). Also, data from the National Sa/-
monella Surveillance System, representing 441,863 Salmo-
nella isolates from humans from 1987-1999, demonstrate
that the rate of overall isolation of Sa/monella is highest in
the New England region; that overall, children have the
highest Salmonella isolation rate; and that infants have a 4-
13 fold higher rate of invasive disease than other age groups.

In Rhode Island from 1997 to 2001

not is unknown as serotyping blood isolates for Salmonella
bacteremia was not routinely performed until recently. It
needs to be pointed out that the numbers reported here are
underestimates and that the actual number of cases is prob-
ably significantly higher. Many cases of Salmonella illness
are not reported, not every ill person seeks medical atten-
tion, and health-care providers may not always obtain a speci-
men for diagnosis.

An estimated 3% of American households own close
to 7.3 million reptiles, and the number of reptiles imported
into the U.S. has increased dramatically from 27,806 in 1986
to 798,405 in 1993.%> The majority of the imported reptiles
are iguanas; snakes and turtles are also included in this cat-
egory. Approximately 93,000 cases per year of Salmonella
infections are estimated to be attributable to pet reptile con-
tact.* Reptile-associated Salmonellosis is not a new phenom-
enon. In the early 1970s, pet turtles were responsible foran

estimated 280,000 cases of salmonellosis each year. The -

Centers for Disease Control and Prevention (CDC) esti-
mated that in 1973 pet turtles accounted for 14% of the
Salmonella-caused illnesses in the United States. In an at-
tempt to control this number of Safmonella infections, a
ban was enforced on all interstate shipment of pet turtles
with shells of 4 inches or less in length. At that time, the

(Figure 1), the total number of cases of 901
Salmonella infections (all ages) decreased
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from a high of 172 total cases in 1997
to 161 cases reported in 2001. The av-
erage number of Salmonella cases re-
ported for this period in children
'younger than 5 years of age is 44, which
represents an attack rate four to five
times higher than for older children and 151
adults. Of note is the fact that abour a
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third of the cases (range 28.6 to0 35.6%)
in the under five age group had isolates
known to be reptile-associated strains.
Since cases are not interviewed, a his-
tory of a reprile in the home could not
be confirmed. Of the isolates in children
under five, there was an average of 2.8
invasive infections (bacteremias) per year

(range 0-7). Whether the bacteremia
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Rates are based on 2000 Census counts.

[J Rate of Salmonellosis (all ages)
B Rate of Salmonellosis, children <5 years

Rate for reptile associated strain, children <5 years

isolates were reptile associated strains or

Figure 1.
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U.S. Food and Drug Administration (FDA) reasoned that
turtles larger than 4 inches did not pose as much of a threat
for Salmonella infection because children would not likely
fit them into their mouths. Since that time, studies have
shown that direct contact is not necessary for transmission
of Salmonella bacteria. Nevertheless, the ban on turtles
proved to be very effective, because an estimated 100,000
fewer annual cases of turtle-associated salmonellosis oc-
curred among chlldren following the ban 5.

TRANSMISSION .

The principal habitat of Salmonella bacteria is the in-
testinal tract of humans and animals. Szlmonella is endemic
in reptiles; iguanas have long been known to harbor Sa/-
monella bacteria. Because iguanas will not breed if closely
confined, most of the pet iguanas sold in the U.S. have
either been captured in the wild or have been bred in farm-
ing/ranching operations in Central America. Reptiles are
infected from before birth, obraining infection as live new-
born or shelled embryos passing through the cloaca of the
mother. Being captive bred, incubated and born, is no guar-
antee that any reptile is Salmonella-free; upon entry into
the U.S. a large number of these animals (up to 90%) are
already asymptomatic carriers of Sa/monella. High rates of
Salmonella in the feces of iguanas may be related to the
eating of feces by hatchlings, a typical behavior for igua-
nas, and other vegetarian lizards, that establishes normal

intestinal flora for hindgut fermentation. Reptiles can also -

become infected through contact with other reptiles. In-

 fected reptiles periodically shed Salmonella bacteria in their

feces. While treating animals with antibiotics may seem a
logical first line of defense in preventing transmission, at-
tempts to eliminate Salmonella in reptiles (as is true for
humans as well) with antibiotics have been unsuccessful
and can promote the selection of resistant strains.

Either direct or indirect contact with infected reptiles
and their environment can cause human illness.*” The most
common route for human infection is through oral inges-
tion. Individuals who handle a reptile, or who handle ob-
jects contaminated by a reptile, and then fail to wash their
hands properly may ingest Salmonella bacteria. The exact
means of transfer is not always evident and can be subtle.

Direct contact with the animal is not necessary for transfer |
of Salmonella. Cases’ have occiirred in children who did not -

have direct contact with the animal(s) but were infected
after visiting another person who owned i iguanas or after
eating at a house of a person who owned an iguana.” Iden-
tification of an uncommon Salmonella serotype in a person
who has no other apparent exposure should trigger a more
extensive investigation into a possible reptile linked expo-
sure. In every case reported by the CDC, the diagnosed
Salmonella infection was linked to direct or indirect con-
tact with a pet reptile from which the same serotype was
isolated. Therefore, a patient with Sa/monella infection that
cannot be traced to an identifiable source may have been
exposed to Salmonella from a reptile.

CuinicAL ISSUEs

The clinical manifestation of reptile-associated Salmo-
nellosis is similar to that seen for other types of Salmonella
infections. Salmonellosis manifests as acute enterocolitis, with
sudden onset of headache, abdominal pain, diarrhea, nau-
sea and sometimes vomiting. Dehydration, especially among
infants may be severe. Bloodstream infections can be life’
threatening, especially in very young children, the elderly,
or in persons with weakened immune systems. Infants
younger than 1 year of age are at greatest risk for more se-
vere forms including sepsis and meningitis. Symptoms may
appear from 12 to 72 hours after exposure but usually occur
within 18 to 36 hours after exposure. The disease is usually
self-limiting and lasts from 4 to 10 days. Salmonella bacte-
ria can remain in the stool for several days to several weeks
after symptoms cease. During this time, infected persons
can transmit the infection to others. Salmonella infections
disproportionately affect infants and young children, espe-
cially bottle-fed infants. It is speculated that infant formula
may allow for the multiplication of Salmonella. Persons who
are immune-compromised or elderly, are also at a high risk
for salmonellosis. Antibiotics given previously to a Salmo-
nella infection may also play a role in the severity of the
disease. Receiving antibiotics within 30 days before infec-
tion may be a risk factor for bacteremia. Antibiotics are sug-
gested to increase susceptibility to Sa/monella infection by
altering colonic flora. Most people with salmonellosis will
recover without antibiotic treatment. In severe cases, fluids

-may be needed to prevent dehydration. If Salmonella infec-

tion involves the blood or other non-intestinal tissues, anti-
biotic therapy is indicated. Food service workers, day care
workers and health care workers should be excluded from
work until diarrhea subsides.

PREVENTION

Public education through anticipatory guidance (in-
cluding at prenatal visits) may be a more promising method
of minimizing the risk of salmonellosis than prohibiting the
sale of pet reptiles. To this end, a mailing with posters and
patient information materials are sent to medical providers
and school nurse-teachers. Physicians must be aware of the
epidemiological features of salmonellosis and must recognize
that reptiles carrying Salmonella may be the cause of salmo-

- nellosis and Salmonella sepsis. Veterinarians, pet shop own-

ers and herpetological societies should provide educational
materials and guidance about salmonellosis to reptile own-
ers. [nforming such owners about the correct methods for
reptile food preparation, husbandry and handling can lead
to cleaner environments and reduced propagation of the
bacteria. Reptiles living in healthy environments are less
likely to shed Salmonella bacteria. The staff in facilities that
handle reptiles should follow recommended precautions for
reducing the risk of transmission of Salmonella from rep-
tiles to humans. Routine screening of reptiles by bacterial
culture is unreliable due to the intermittent shedding of the
bacteria and therefore discouraged. Prophylactic antibiotic
treatment of asymptomatic animals is not recommended and
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is not an effective method for prevention. Maintaining and
separating reptiles and all the related food, bedding, water,
waste and cleaning materials from contact with areas or
materials used for humans will significantly reduce the po-
tential for transmission.

RECOMMENDATIONS FOR PREVENTING TRANSMIS-
SION OF SALMONELLA FROM REPTILES TO HUMANS
* Pet store owners, veterinarians, and pediatricians

should provide. information to éwners and poten- ...

tial purchasers of reptiles about the risk for acquir-
ing salmonellosis from reptiles.

* Persons should always wash their hands thoroughly
with soap and water after handling repriles or rep-
tile cages. -

* Persons at increased risk for infection or serious com-
plications of salmonellosis (e.g., children aged less
than 5 years and immunocompromised persons)
should avoid contact with reptiles.

* Pet reptiles should be kept out of households where
children aged less than 5 years or
immunocompromised persons live.

* Families expecting a new child should remove the
pet reptile from the home before the infant arrives.

* Pet reptiles should not be kept in child care centers.

* Pet reptiles should not be allowed to roam freely
throughout the home or living area.

* Pet repiles should be kept out of kitchens and other
food-preparation areas to prevent contamination.
‘Kitchen sinks should not be used to bathe reptiles
or to wash their dishes, cages, or aquariums. If bath-
tubs are used for these purposes, they should be
cleaned thoroughly and disinfected with bleach.

For additional information and access to resource ma-
terials visit: www.cdc.gov/healthypets/animals/reptiles.htm,
or call the Office of Communicable Diseases at 401 222
2577.
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